v" Peritumoral edema is one of the most serious complications of intracranial neoplasms; however, the exact pathogenesis of this condition is still unknown. To explore the effect of macrophages in brain tumors on the pathogenesis of peritumoral edema, 42 specimens of primary or metastatic brain tumors were studied. Frozen sections were examined by an immunoperoxidase staining technique with anti-Leu-M3 monoclonal antibody. Eight of 14 gliomas demonstrated Leu-M3-positive cell (macrophage) infiltration. The two glioblastomas showed a moderate or marked degree of macrophage infiltration. Twelve of 16 meningiomas demonstrated varying degrees of macrophage infiltration. All six metastatic brain tumors exhibited prominent macrophages in intra-and peritumoral tissues. Four acoustic neurinomas and two hemangioblastomas showed a slight to moderate degree of macrophage infiltration.
S
OME primary brain tumors and many metastatic brain tumors, even with relatively small nodules, are known to cause severe surrounding cerebral edema. 25 This cerebral peritumoral edema is one of the most serious complications of intracranial neoplasmsY Although extensive clinical and experimental investigation has been performed, l'35 the pathogenesis of peritumoral edema remains obscure.
The presence of lymphoid cellular infiltrates associated with brain tumors has been studied extensively, and the role of T lymphocyte subpopulations has been emphasized, al However, investigations on macrophage infiltration in brain tumors and their function have been few. 32 Macrophages are known to have many functions such as phagocytosis, an antigen-processing function, and cellular secretion, zv Macrophages secrete various substances (including arachidonate metabolites) that may interfere with vascular permeability, s, 23 We studied macrophage infiltration of various brain tumors by an immunoperoxidase staining technique with antiLeu-M3 monoclonal antibody. A correlation was found between the degree of macrophage infiltration and the amount of peritumoral edema detected on computerized tomography (CT) brain scans of the patients harboring these tumors.
Materials and Methods

Tissue Samples
Fresh brain-tumor specimens were obtained at craniotomy from 42 patients undergoing tumor resection. The tumors sampled included 14 gliomas, 16 meningiomas, six metastatic brain tumors, four acoustic neurinomas, and two hemangioblastomas.
Reagents
Antihuman monocyte/macrophage monoclonal an-tibody (anti-Leu-M3)* was diluted at a ratio of 1:20 with phosphate-buffered saline (PBS, pH 7.4). Labeling reagents, including biotin-conjugated horse anti-mouse immunoglobulin G (IgG) and avidin-biotin-peroxidase complex, were used.t Chromogenic reagent was prepared by suspending 40 mg of 3,3'-diaminobenzidine tetrahydrochloride (DAB) in 0.05 M ammonium acetate solution adjusted to pH 5.6 with 0.1 M citrate buffer and by the subsequent addition of five drops of H~O2. Cupric sulfate (CuSO4), 0.5% in 0.9% NaC1, was then used for staining enhancement.
Preparation of Tissue Sections
Immediately after dissection, specimens were embedded in OCT freezing compound 31 and snap-frozen in liquid nitrogen for storage at -70"C. Cryostat sections were cut 5 to 10 um thick and allowed to air-dry. Slides were then immersed in cold acetone for 10 seconds and stored at -40~ for no more than 1 week for immunoperoxidase staining.
The frozen sections were fixed in cold acetone for 5 minutes to facilitate preservation of tissue architecture, then allowed to air-dry. The slides were immersed in 1% H202 in methyl alcohol for 5 minutes to diminish tissue peroxidase activity, then washed with PBS for 10 minutes. Normal horse serum at a 1:50 dilution was applied to the sections for 20 minutes to decrease nonspecific background binding of antibodies. The slides were then flooded with primary antibody at a 1:20 dilution for 60 minutes, with secondary biofinylated horse antibody against mouse IgG for 30 minutes, and finally with avidin-biotin-peroxidase complex for 30 minutes. Between each step, the slides were washed in PBS for 10 minutes. Then, in rapid succession, the slides were submerged for 5 minutes in DAB chromogenic reagent rinsed for I0 minutes in tap water, exposed for 5 minutes to 0.5% CuSO4 in 0.9% NaC1 for color enhancement, and finally washed for 10 minutes in PBS. Nuclear counterstaining was performed in Mayer's hematoxylin.
As a control test for nonspecific staining, normal mouse serum at a 1:50 dilution was used instead of primary antibody. All other steps in the staining sequence were followed as described previously.
Results
The degree of immunoperoxidase-reactive macrophage infiltration found in the brain tumors and the amount of peritumoral edema detected on CT are presented for each case in Table 1 hemangioblastoma + + * Degree of macrophage infiltration (% of Leu-M3-positive cells present): -= little or none; + = slight (< 5%); ++ = moderate (5% to 20%); +++ = marked (> 20%). Amount of peritumoral edema (width of low-density area on computerized tomography scan: --none; + = slight (< 1.5 era); ++ = moderate (1.5 to 3.5 cm); +++ = marked (> 3.2 era). Ca = carcinoma.
1" The tumor in these patients was located in the posterior fossa. :~ This specimen was obtained from a recurrent astrocytoma; radiation necrosis was verified histologically. scans of the patients harboring the tumors was determined by the width of the low-density area and expressed as: none; slight (< 1.5 cm); moderate (1.5 to 3.5 cm); or marked (> 3.5 cm). Figure 3 illustrates the CT appearance of different amounts of peritumoral edema.
Of the 14 gliomas studied, six showed essentially no evidence of macrophage infiltration. Four specimens exhibited a slight degree of infiltration. Three specimens revealed a moderate degree of positive reaction. One glioblastoma multiforme specimen exhibited marked, intensely positive immunoperoxidase staining (Fig. l a) . On CT scans, a moderate amount of peritumoral edema was noted in four cases, slight edema in eight cases, and no edema in two cases. Three of the four cases with moderate peritumoral edema on CT also exhibited a moderate to marked degree of macrophage infiltration (Fig. 3) .
Sixteen meningiomas were examined. No evidence of macrophage infiltration was seen in four specimens, a slight degree of positive reaction was present in five, a moderate degree of macrophage infiltration was found in four, and marked, prominent infiltration of macrophages was observed in the remaining three. Morphologically, macrophages were seen as variable forms resembling meningotbelial cells. Microscopically, it was difficult to distinguish macrophages from tumor cells on slides with conventional hematoxylin and eosin (H & E) staining. The degree of macrophage infiltration in meningiomas was dramatically correlated with the amount of peritumoral edema shown on CT in all patients except one with a meningioma in the posterior fossa (Case 21). There was a tendency for meningothelial meningiomas to contain more macrophage infiltration compared to other tumor types.
Six metastatic brain tumors with various primary sites were examined. All specimens revealed positive immunoperoxidase staining, and four exhibited marked infiltration of macrophages. It was noteworthy tha macrophages prominently infiltrated the surroundint edematous brain tissue as well (Fig. ld) . All patient~ with a metastatic brain tumor showed moderate tc marked peritumoral edema on CT except for one patient with cerebellar metastasis (Case 36).
Two of four acoustic neurinomas exhibited a moderate degree of macrophage infiltration, and the remaining two specimens showed a slight degree of infiltration. Positive-staining cells were interdigitated with tumor cells, and macrophages could not be distinguished on H & E-stained slides. Both hemangioblastomas exhibited a slight degree of macrophage infiltration and a slight amount of peritumoral edema.
Discussion
Development of monoclonal antibodies against human mononuclear cells has permitted histological evaluation of mononuclear cell infiltration in brain tumors. Utilizing Leu-1,2,3 monoclonal antibodies, von Hanwehr, et al., 31 demonstrated lymphocyte infiltrates expressing suppressor/cytotoxic and helper phenotypes in brain tumors. However, there are few reports concerning macrophage infiltration in brain tumors. Wood and Morantz 33 indicated that most central nervous system (CNS) tumors, including glioblastomas and meningiomas, contain high numbers of infiltrating macrophages. In their study, they used the IgG erythrocyteantibody-complement rosette formation technique for tumor cell suspensions.
We have examined histologically macrophage infiltration in various brain-tumor tissues by immunoperoxidase staining using the anti-Leu-M3 monoclonal antibody. Anti-Leu-M3 monoclonal antibody has been reported to react with human monocytes, macrophages, and a small number of granulocytes. 2'1~ Hofman, et al., ~2 noted that anti-Leu-M3 antibody did not react with granulocytes or blood vessels. Although anti-Leu-M3 antibody did not show detectable reactions in nonlymphoid tissue, 16 a cross-reaction with CNS cells is unclear. In our study, normal glial cells, neurons, and glial tumor cells did not react with anti-Leu-M3 antibody. Moreover, antigenicity of Leu-M3 was lost on formaldehyde fixation and paraffin embedding. There is still the possibility of cross-reactivity of anti-Leu-M3 monoclonal antibody to CNS tumor cells. Thus, it will be necessary to use various techniques such as tissue culture and phagocytosis to determine if the Leu-M3-positive cells are really macrophages.
This study has shown that many primary brain tumors and most metastatic brain tumors exhibit various degrees of macrophage infiltration. There is a tendency toward a marked degree of macrophage infiltration in malignant gliomas. It is remarkable that some meningiomas showed strong macrophage infiltration and some revealed no macrophage infiltration. Wood and Morantz 33 reported nine meningiomas that had a mean macrophage content of 42% (range 5% to 80%). Our results were similar. Some types of meningioma are known to contain inflammatory cells or histiocytes. 13J7'18 '21 We believe that identification of macrophages on slides with conventional H & E staining is difficult because macrophages may show the same configuration as tumor cells, especially in cases of meningioma or neurinoma. Macrophages may infiltrate as an immunological reaction against the brain tumor and, moreover, may secrete various substances which may interfere with vascular permeability.
We found an excellent correlation between the degree of macrophage infiltration and the amount of peritumoral edema detected on CT; however, there were some exceptions. Although almost all of the nine astrocytomas were associated with slight to moderate peritumoral edema on CT scans, five of these specimens revealed no positive reaction with anti-Leu-M3 antibody. One reason for this is the heterogeneity of glioma tissue: macrophages did not infiltrate homogeneously in glioma tissue. A second reason may be that other factors are dominant in the development of peritumoral edema in glioma tissues. A third possibility is that low-density areas surrounding tumor might not always indicate peritumoral edema, but instead may represent infiltration by neoplastic cells beyond the margin of the main bulk of the tumor, with concomitant reactive glial swelling. 28 In the tumors located in the posterior fossa, macrophage infiltration did not correlate with the amount of peritumoral edema on CT. Apparently, the different architectural structure of the cerebellum compared to the cerebrum may provide less tendency for peritumoral edema. Also, exudate fluid may drain into the cerebellopontine angle cistern instead of the parenchyma.
It is generally accepted that peritumoral edema is a type of vasogenic edema, ~4' 15' 3~ but the exact pathogenesis of the brain edema accompanying intracranial tu-mors still remains obscure.~ Is the pathogenesis of peritumoral edema associated with gliomas the same as that with meningiomas? Some theories have been proposed in relation to the cause of peritumoral edema accompanying meningiomas. These include: compression of the brain caused in some way by rapid tumor growth; 28' 29 cerebral sinovenous occlusion or distortion of local venous drainage patterns; ~ vascular pericytic components; 7' 26 hormonal mediators secreted by specific tumor cells; 19 and secretory-excretory activity. 6,24 However, there has been no suggestion that macrophages might play a role in the pathogenesis of peritumoral edema.
Recently, Black, et al., 3 described a significant correlation between brain edema and tissue leukotriene levels. Cooper, et al., 9 reported that isolated braintumor cells produced prostaglandin E2 (PGE2) and thromboxane B2, with the highest production of PGE2 and thromboxane B2 by meningiomas. However, their tumor cell preparation was contaminated with 5% to 10% macrophages. Leukotriene Ca and D4 and PGE2 are known to increase vascular permeability, which may cause brain edemaY ' 27 Mouse peritoneal macrophages synthesize and secrete relatively large amounts of PGE2, prostacyclin, and leukotriene C4 and B4, and the production of prostaglandins and leukotrienes can be dramatically increased by the addition of zymosanJ Macrophage infiltration of brain tumors may be activated and may produce large amounts of arachidonate metabolites. Our observations suggest that macrophage infiltration may be an important factor in the formation of vasogenic peritumoral edema, and arachidonate metabolites secreted by macrophages may cause peritumoral edema in some cases. The fact that glucocorticoids reduce peritumoral edema 2~ may support our hypothesis because glucocorticoids also inhibit the release of free arachidonic acid, probably through inhibition of phospholipase A and reduced formation of leukotrienes. 4 There still remains the possibility that these findings in regard to macrophage infiltration and peritumoral edema are simply coincidental and unrelated. Further investigations are needed to resolve this problem.
